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1.0 SUMMARY 

Progress  f o r .  t h i s  per iod .consisted of continuing data a n a l y s i s  f o r  

Tes t  H-2 was performed t o  evaluate  a modified X-ray damage 
t h e  f i r s t  X-ray t e s t  ( T e s t  H-1) and performing a second X-ray tes t  
( T e s t  H-2). 
removal cycle and t o  determine the  dependence of damage on X-ray rate. 
T e s t  H-2 included, i n  addi t ion  t o  F a i r c h i l d  2 ~ 1 6 1 3 ~ ,  two s p e c i a l l y  
t r e a t e d  t r a n s i s t o r s  (one p-n-p and one n-p-n) supplied by Motorola. 
The main objec t ive  of t e s t i n g  these devices  was t o  determine i f  Motorola 's  
s p e c i a l  surface t reatments  increased r ad ia t ion  tolerance.  
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G removal cycle s i g n i f i c a n t l y  improved recovery, (b)  damage apparent ly  
?e 
'. 

A cursory ana lys i s  of H-2 da ta  ind ica ted  t h a t  (a) the modified 

w a s  independent of r a t e ,  and (c )  Motorola 's  spec ia l  surface t reatments  
produced no improvement i n  tolerance t o  ion iz ing  r ad ia t ion .  

2.0 ANALYSIS OF TEST H - 1  DATA 

Analysis  of T e s t  H - 1  da t a  during t h i s  period consis ted of p l o t t i n g  

These p l o t s  enabled i d e n t i f i c a t i o n  of t h r e e  d i f f e r e n t  

' 
X-ray induced gain damage f o r  severa l  devices i n  two forms, A 1/$~ v s  1, 
and A Ib vs  Vbe. 
components i n  t h e  excess base current  produced by X-rays: surface 
channel cur ren t ,  surface recombination-generation cur ren t ,  and a cur ren t  
component e f f e c t i v e  a t  high in j ec t ion  l e v e l s ,  believed t o  be d i f f u s i o n  
cu r ren t .  The channel and recombination-generation cu r ren t s  a r e  i d e n t i f i e d  
by t h e i r  exponential  behavior a t  low cur ren t  l e v e l s  where they  dominate. 
Both components vary as exp (q he/kT n) where n e 2 f o r  recombination- 
generat ion and n > 2 f o r  channel cur ren t .  
presence of a d i f fus ion  cur ren t  component was obtained from A Ib  vs  vbe 
p l o t s  a t  high i n j e c t i o n  l e v e l s ,  where exponential  behavior w i t h  ne1 
w a s  observed f o r  some conditions.  

Evidence ind ica t ing  the 

The s t a b i l i t y  of X-ray damage was evaluated by two methods i n  
T e s t  H-1,  one purposely and one inadver ten t ly .  
s i s t e d  of performing the  1 @ $E measurements a t  the beginning and 

t o  300 mA. * ese measurements were then compared t o  determine t h e  
end of each 

amount of low l e v e l  damage removed by t h e  e l e c t r i c a l  stress imposed by 
the measurement cycle .  Damage removal produced by a cycle varied from 
0 percent  t o  10 percent .  

The first method con- 

measurement cycle by t ak ing  da ta  with IC's f r o m  1 PA 

The second s t a b i l i t y  tes t  was conducted inadver ten t ly  when irradiated 
devices  were allowed t o  remain a t  room temperature without e i t h e r  bias 
o r  i r r a d i a t i o n  f o r  per iods of about 18 hours (overnight) .  
per iod  produced considerable damage removal a t  low l e v e l s  f o r  some 
combinations of bias  during i r r a d i a t i o n .  

Th i s  aging 

A very good co r re l a t ion  w a s  
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obtained between the  two methods f o r  eva lua t ing  s t a b i l i t y .  Reverse 
b i a s  of e i t h e r  junc t ion  during i r r a d i a t i o n  produced the l e a s t  s t a b l e  
damage, while a forward bias enhanced s t a b i l i t y .  A combination of  a 
forward biased E-B junct ion and a reverse biased C-B junc t ion  ( a c t i v e )  
produced d i f f e r e n t  degrees of s t a b i l i t y  varying w i t h  t he  Fas t  
i r r a d i a t i o n  and bias h i s t o r y  of eac tL  device.  

3.0 TEST H-2 

The second X-ray t e s t ,  H-2, w a s  1:erformed during t h i s  per iod t o  
complement the  r e s u i t s  of H - 1  by i n v e s t i g a t i n g  the  recovery cycle 
e f f ec t iveness  and t o  determine the  dependence of gain damage on X-ray 
rate. Two s p e c i a l l y  proce v i ces  supplied by Motorola* were a l s o  
included i n  the t es t  t o  de 
r a d i a t i o n  to le rance .  

if the  s p e c i a l  processes  a f f e c t e d  

Three F a i r c h i l d  mi61 d i f f e r e n t  bias h i s t o r i e s  were se l ec t ed  
from t h e  devices  i r r a d i a t e  est  H-1. H-1 results had ind ica t ed  t h a t  
bui ldup of damage versus  d 
exposed t o  a recovery cyc l  e red  from the buildup when the device 
w a s  new, In  an at tempt  t o  produce more complete recovery, the devices  
se l ec t ed  f o r  H-2 were subjecteU t o  a modified recovery cycle  cons i s t ing  1 

o f :  (a) one day of X-ray exposure w i t h  a forward bias of 100 mA 
app l i ed  t o  both the C-B and B-E junc t ions ,  (b)  a second day wi th  t h e  
same bias but  no X-rays, and, (c] a Z7OOC bake f o r  s eve ra l  hours w i t h  
no bias. Following th i s  modified recovery cycle  t h e  t h r e e  devices  were 
i r r a d i a t e d  w i t h  t h e  same bias condi t ions as tes t  s t e p  1 o r  3 of 
T e s t  H - 1  (one reverse  biased C-B, one forward biased 3-E p l u s  reverse  
biased C-B, and one p a s s i  
a t .  seve ra l  p o i n t s  during 
datnage bui ldup versus  do 
app l i ed  t o  cause saturatio 
decreased f r o m  approximate 
mine t h e  e f f e c t  of a lower -on  t h e  ultimate damage level. 

f t e r  a device had been i r r a d i a t e d  and 

e r a t u r e  cont ro l led  d a t a  were taken 
r a d i a t i o n  t o  determine t h e  rate of 
ef s u f f i c i e n t  i r r a d i a t i o n  had been 
e damage l e v e l ,  t h e  X-ray rate was 
x 105 r /h r  t o  1.3 x 105 r / h r  t o  d e t e r -  

Results of  t h i s  segment of t h e  tes t  are summarized below: 

1. 
a 

The modified recovery cycle  produced damage buildup which 
more c lose ly  s imula ted  buildup i n  a new device than it simu- 
l a t e d  t h e  bui ldup obtained after t h e  recovery cycle  used i n  
H - 1  

* These devices  were suppl ied by K, D. Kang of Motorola Semiconductor 
Products Div is ion  f o r  evaluat ion i n  ion iz ing  r ad ia t ion .  

i 
r Y *, 
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2. The reduction of rate had l i t t l e  o r  no e f f e c t  on the 
ul t imate  damage l e v e l ,  producing only a small per turba t ion .  
The damage eventual ly  s e t t l e d  out  a t  the  l e v e l  expected 
without r a t e  change. 

3 .  A I b  vs vbe p l o t s  f o r  the device w i t h  a reverse biased C-B 
junct ion . ref lected a la rge  channel component (n - 4) during 
the  i n i t i a l  period of rapid l o w  l e v e l  damage buildup. A f t e r  
low l e v e l  damage had sa tura ted ,  t he  channel cur ren t  disappeared, 
and low l e v e l  damage could be a t t r i b u t e d  t o  a recombination- 
generat ion cur ren t  (n Y 2 ) .  Th i s  t r a n s i t i o n  from one type of 
cur ren t  t o  another  as a func t ion  of dose may be very he lp fu l  
i n  understanding t h e  mechanisms causing damage. 

The second segment of H-2 consisted of passive i r r a d i a t i o n  o f :  
(a) a type 2N3493 p-n-p s i l i c o n  planar  t r a n s i s t o r  of annular s t r u c t u r e  
s p e c i a l l y  t r e a t e d  t o  reduce t h e  e f f e c t s  of ion iz ing  r ad ia t ion  (What 
t h e  t reatment  consis ted of is not known), (b )  a standard type 2N2ZlgA 
n-p-n s i l i c o n  planar  device,  and ( c )  a type 2N2219A modified by a d d i t i o n a l  
g l a s s  pass iva t ion  l a y e r s  and a n k t a l l i z e d  l a y e r  over the junc t ions  t o  
e l imina te  f r i n g i n g  f i e l d s  at the  sur face .  
were supplied by Motorola. 

A l l  devices  for t h i s  segment 

This  test was only  cursory i n  na ture ,  and a l l  da t a  have not  y e t  
been reduced; however, i n i t i a l  ana lys i s  i n d i c a t e s  t h a t :  

(a)  Both type Z N Z 2 l g A  devices were damaged about equal ly ,  and t h a t  
t he re fo re  the  spec ia l  p s s i v a t i o n  techniques produced no 
s u b s t a n t i a l  improvement. 

( b )  Although damage buildup was somewhat slower f o r  the type 
2N3493 device,  t h e  damage l e v e l s  reached were similar t o  
those observed f o r  o ther  devices.  It i s  d i f f i c u l t  t o  com- 
pare  t h i s  p-n-p device with t h e  previously t e s t e d  devices ,  
which were a l l  n-p-n types. The implicat ion t h a t  t h e  
spec ia l  pass iva t ion  techniques d id  not  produce s u b s t a n t i a l  
improvements has not  yet been assessed.  

4.0 WORK PLANS FOR DECEMBER 

Work planned f o r  the  next period includes continuing the a n a l y s i s  
o f  d a t a  from Tests H - 1  and H-2 and add i t iona l  exploratory tes ts  t o  
(a) develop a more e f f ec t ive  and p r a c t i c a l  recovery cycle which would 
make component screening feas ib le ,  and (b)  ob ta in  more information on 
damage components i n  an attempt t o  formulate a cons is ten t  damage model 
f o r  a l l  bias condi t ions.  
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